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Abstract 
The Internet has become an essential tool for today’s’ society. With its growth over the                             
years, it is important to ask about the influence of the internet browser on individuals                             
and how it modifies the pace and behavior of people’s affairs. This study describes the                             
design and development of l3-37, a custom browser whose purpose is to prompt the                           
user to reflect on the browser’s hidden software processes and to gather valuable                         
insights. To support this, l3-37 includes two informative art visualizations designed to                       
encourage the user to explore the HTML Cookies and the DOM tree. The two                           
high-fidelity prototypes were developed based on Research Through Design and                   
Autobiographical Design methods. Additionally, to address the affordances and limits                   
of this work, a Think Aloud study was conducted to examine how the participants                           
reflected on the hidden data and the insights they obtained. The study discusses the                           
insights and lessons learned from the entire process and proposes directions for                       
designing an informative art visualization in browser-art to prompt user reflection.                     
Informative art in the web browser proved to be able to support different levels of                             
reflection and reveal valuable insights. 
 

Sammanfattning 
Internet har blivit ett viktigt verktyg för dagens samhälle. Med dess tillväxt genom åren                           
är det viktigt att fråga sig om webbläsarens inflytande på individer och hur den ändrar                             
takt och beteende hos människors angelägenheter. Denna studie beskriver design och                     
utveckling av l3-37, en anpassad webbläsare vars syfte är att snabbt användaren vrider på                           
webbläsarens dolda mjukvaruprocesser och samlar värdefull insikt. För att stödja detta                     
inkluderar l3-37 två informativa konstvisualiseringar som är utformade för att                   
uppmuntra oss att utforska HTML-kakorna och DOM-trädet. Prototyperna med                 
tvåhög trohet utvecklades baserat på ResearchThrough Design och autobiografiska                 
designmetoder. Dessutom genomfördes en Think Aloud-undersökning för att ta itu                   
med råd och begränsningar för detta arbete för att undersöka hur deltagarna                       
reflekterade över de dolda uppgifterna och insikten om vad som erhållits. Studien                       
diskuterar insikt och lärdomar från hela processen och föreslår vägbeskrivningar för att                       
utforma en informativ konstvisualisering i webbläsarkonst för att förbättra reflektion av                     
användare. Informativ konst i webbläsaren har visat sig kunna stödja olika                     
reflektionsnivåer och avslöja värdefull insikt. 
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ABSTRACT
The Internet has become an essential tool for today’s’ soci-
ety. With its growth over the years, it is important to ask
about the in�uence of the internet browser on individuals
and how it modi�es the pace and behavior of people’s a�airs.
This study describes the design and development of l3-37,
a custom browser whose purpose is to prompt the user to
re�ect on the browser’s hidden software processes and to
gather valuable insights. To support this, l3-37 includes two
informative art visualizations designed to encourage the user
to explore the HTML Cookies and the DOM tree. The two
high-�delity prototypes were developed based on Research
Through Design and Autobiographical Design methods. Ad-
ditionally, to address the a�ordances and limits of this work,
a Think Aloud study was conducted to examine how the
participants re�ected on the hidden data and the insights
they obtained. The study discusses the insights and lessons
learned from the entire process and proposes directions for
designing an informative art visualization in browser-art to
prompt user re�ection. Informative art in the web browser
proved to be able to support di�erent levels of re�ection and
reveal valuable insights.
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1 INTRODUCTION
Internet as we know it has changed and grown up from its’
birth in the ’60s. From the mainframe computer that served
a group of people, to the introduction of the �rst browser in
1991 [11] in a personal computer and its use as a standard
tool in almost every house, to its current state where people
access it in computers, laptops, and mobile devices. Today,
with almost 4,1 billion internet users [33] and around 4.3
billion people using a browser [31] to access information
on the World Wide Web, the internet has become the main
gate to access and manage information. Therefore, with all
this in�uence, it is important to ask about the impact of the
internet and the browser on individuals and how it modi�es
society’s pace and behavior.

A browser is a gate between the user and the web, it ren-
ders the content of a webpage through complex software

processes in charge of collecting the information from the
network, displaying this information on the screen, and sup-
porting the interactions between the user and theWeb. These
processes operate at high frequency, shape the way users
see the Web, and yet are hidden from the users. This study
aims at unveiling two of these processes to the web users
in order to let them re�ect on the software complexity that
powers the browsers of their daily lives. The �rst process is
the collection and distribution of personal data on websites
through HTML Cookies. The second is the representation
of a webpage through a data structure called the Document
Object Model (DOM).

The previously mentioned processes have been a topic of
research in di�erent areas. In Computer Science, for example,
Sørensen et al. [30] researched the presence of third-party
cookies in public and private European websites after the
creation of the EU’s General Data Protection Regulation [8]
to regulate personal data; or LightBeam [28], an add-on for
Firefox to visualize HTTP requests between websites in a
browser. On the other hand, in the �eld of Software art, dif-
ferent projects have been developed to create awareness to
the general public of the structure and content of the web.
For example, We Feel Fine [15] is a project that deconstructs
the web to create an interactive visualization; or Maciej Wis-
niewski’s work [22], a custom browser with an alternative
approach to present and interact with webpage content.

This study takes a di�erent approach to visualize the pre-
viously mentioned browsers’ hidden processes. Instead of
using a traditional visualization tool as a way to amplify
cognition [3] or as narrative visualization [26], this study
proposes to use Slows’ technology Informative Art [13] in a
custom browser.

A high �delity custom browser prototype with two infor-
mative art visualizations was developed through an iterative
design process. This browser, named L3-37, allows the user
to browse the internet and it has an additional feature to
overlay on top of the content an informative art visualiza-
tion to explore either of a websites’ HTML cookies or DOM
tree structure. Both visualizations aim to encourage users to
explore the data by collecting the hidden events and trans-
form them into an abstract representation. Furthermore, the
visualization invites the user to explore the hidden processes



from a di�erent perspective and re�ect on the message and
political nature of the internet browser.
To explore the a�ordances and limitations of the L3-37

browser I gathered the experience of �ve participants with
the application and did a Think Aloud study. Overall, the
participants expressed an interest in the Informative Art vi-
sualizations and were able to gather personal insights and
perform comparisons. Furthermore, the study was able to
identify gaps in the design and propose further improve-
ments.

2 LITERATURE REVIEW
The following section presents a short review of related
work and the relevant key concepts for this research. The
key concepts can be categorized into the area of Software
studies, Slow technology, Calm technology, and Re�ection
in the area of HCI.

So�ware studies
With the huge growth of the internet and technology in
today’s society, it is important to ask about the in�uence
of the internet on society and individuals. The emerging
disciplinary �eld of Software Studies develops an interest
in the relation of software and culture and how software
can in�uence culture itself. This research �eld engages with
contributions from di�erent areas such as computer science,
art, and humanities. Software studies continue the tradition
of media studies as conceptualized by Marshall McLuhan in
his book Understanding Media [19], where he proposes not
to focus on the content of the media platforms, but rather on
the media itself which he considers is the one shaping culture
and society: "the medium is the message". Consequently, in
the case of this study, it can be said that the internet browser
is the Media and its Message modi�es the pace and behavior
of human a�airs.
Additional re�ection in the �eld of Software Studies re-

garding the nature of technology has been done by Langdon
Winner [35]. The author argues that certain technologies
have political characteristics and mentions two properties.
The �rst is technology as a form of order because of tech-
nology’s origin as a way to settle a problem for a particular
group of people. The second is inherently political technolo-
gies, where the author suggests that some technologies are
more compatible with speci�c political parties or require a
precise relation to certain political parties to use it.

As a result of Software studies’ in�uence and the growth
of the Internet in the past years, the Internet has become
one of the main research topics for Net Art, speci�cally in
the sub-genre Browser-Art [7]. Browser Art takes the raw
material from a website such as the HTML structure, images,
code �les to create visual material in the Internet Browser.
Its purpose is to produce a breakdown between the user and

the internet-browser to highlight what is the message this
medium contains. Two examples of browser art are News
Archeology [6], a work that recollects news web pages to
create di�erent visualizations; and Maciej Wisniewskis’s
Streaming Conscience [22], a customized browser that mod-
i�es the experience of exploring a speci�c website while
presenting the same information in an alternative way.

This research starting point comes from KTH’s 2019 Soft-
ware art team project L3-37 [32], a browser art project whose
purpose is to reveal worldwide web organization and dynam-
ics. The project was inspired by the 1996 net art project Web
Stalker [25], a browser-art work that presented an alternative
web browser that re-imagined the action of web browsing.
Therefore, the purpose is to design an artifact that invites
the user to think about the message and political nature of
the internet browser, a task approached in this research with
the aid of the Slow and Calm technology concepts which
will be explained in the following subsection.

Calm and Slow technology
Previous research in the �eld of HCI has caught interest in
the properties of art artifacts that encourage re�ection, and
the use of time as a tool to encourage questions regarding a
piece of technology.

The �rst design philosophy used in this study is Calm tech-
nology [4]. Calm technology states that technology should
not take all the attention of the user but rather allow the
user to achieve a task with the minimum number of inter-
ruptions possible. Therefore, designing for calmness is not
to be demanding but rather be informative. For the study,
there are two principles to consider from Calm technologies,
the importance to inform and create calmness; and the im-
portance to use the periphery to inform the user instead of
demanding its full attention.
The second design philosophy is Slow technology [13].

Slow technology, contrary to fast technology, uses the notion
of time and extends it to create awareness. Consequently,
the intentional use of slowness in design will allow the user
to re�ect on how the technology works, the purpose, and
the consequence of using it.
Slow technology suggests Informative Art, as a strategy

to present information from a di�erent point of view. Infor-
mative Art draws inspiration from art and presents a more
abstract representation of information, which requires the
spectator to pause and contemplate the art object and slowly
form an understanding of the information conveyed in the
visualization. One interesting aspect of an Informative Art
approach as Redström et al. [24] states, is how the visual
representation can be achieved according to di�erent criteria
when compared tomore traditional information visualization
techniques. Additional aspects to engage the user and create
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re�ection as proposed by Holmquist et al. [14] are movement,
animation, multiple views, and aesthetic concern.

To evaluate the artifacts created with Calm and Slow tech-
nologies, it is necessary to extend their concept of re�ection.
The following subsection will address the evaluation of re-
�ection in the �eld of HCI.

Reflection in HCI
It has been of interest to the area of HCI to design technolo-
gies to support re�ection. Previous research such as Slow
Design [13] proposes to consciously slow the time of interac-
tion between the user and the technology to give the user a
moment to think and re�ect. Additionally, Re�ective Design
[27] approach motivates designers to identify unconscious
aspects of an experience to reinforce designs and promote re-
�ection among the users as well. The study by Li [17] de�nes
Personal Informatics as a system that collects the relevant
personal information of a user to support re�ection.
However, as stated by Baumer [2], Lars et al. [13] and

Sengers et al. [27] have di�erent de�nitions or notions of
what re�ection is. Therefore, the result of the studies men-
tioned above obtain di�erent outcomes even though the
same term is employed in all of them. It is important, as
Baumer mentions, to create a framework that identi�es the
purpose, condition, and strategies to address each dimension
of re�ection.

Therefore, Baumer identi�es three dimensions of Re�ective
Informatics. Firstly, the author emphasizes the importance
to create puzzling and interesting situations that produce
instances of re�ection. These Breakdowns, as named by the
author, can help designers draw attention to or induce op-
portunities for re�ection. Secondly, designing for re�ection
implies supporting and producing opportunities for Inquiry
i.e. allowing the user to review past experiences. Lastly, as a
result of deep re�ection, the design produces Transformation.
The design could help the user to modify their attitude.

On the other hand, Fleck et al. [9] de�ne the purpose of
re�ection and conditions to prompt di�erent levels of re�ec-
tion. The author introduces a framework with �ve levels:
description, re�ective description, dialogic re�ection, trans-
formative re�ection, and critical re�ection. Furthermore, for
each level, Fleck proposes a technological solution to prompt
the level. R0 is the foundation for the other levels, it provides
a record of events, data, or experiences that happen over
time spam that can be revisited by the user. R1 consists of
providing the user with a re�ective question to revisit the
collected information and encourage them to think about
alternative issues. R2 takes advantage of technologies’ ca-
pability to transform data to provide a di�erent perspective
or point of view. Therefore, encouraging the user to explore
relationships and understandings previously planned by the
designers, i.e. multiple perspectives in data visualization, that

allows the user to reorganize the information according to
di�erent questions. R3 takes into consideration all previous
levels to question the information with the personal inten-
tion to do something di�erent, it challenges the assumptions
and generates an alternative understanding. Lastly, R4 is the
highest of all levels, where the user takes into account social
and ethical issues and thinks of features beyond the context
given in previous levels.
The purpose of this study is, therefore, to prompt the

user to re�ect on the message and political nature of the
internet browser through Slow and Calm technology. Thus,
the goal is to design and create a browser art visualization by
creating prototypes, and evaluate it through a Think Aloud
study. Hence, it is necessary to answer the following two
questions:

Research Questions:

Q1:What are the a�ordances and limitations of an in-
formative art visualization in raising users’ awareness
of a web browser and its hidden processes?
Q2: How do users re�ect on the web browser hidden
processes data?

3 METHOD
Design methodologies
This research used mainly two methodologies to approach
the creation of visualizations of software hidden processes.
The two methodologies will be brie�y explained in the sec-
tion below.
The �rst method used is Research through Design or RtD

[37]. According to Zimmerman et al., RtD is a holistic process
where design can be used in all the domains of the research
to address the problem and present possible solutions. The
active process consists of iterations where researchers frame
a problem through models, prototypes, products, and ex-
tensive documentation; afterward, the researchers re�ect
upon the prototype and how can it be improved or framed
di�erently. As mentioned by Gaver [10] the �nal product
of RtD is an object that embodies di�erent theories from
philosophical, functional, social, and aesthetic. Therefore,
the object itself should allow not only to answer questions
regarding these topics but to propose further research. The
objective of this method is not perse to create a �nal fully
functional product but to document the entire process to
allow future researchers to generate new products based on
the knowledge gathered through the artifacts.

The second method is Autobiographical Design [21]. Auto-
biographical Design supports fast tinkering in a design pro-
cess by positioning the researcher as a genuine user of the
system itself. The method allows the researcher to frequently
make small changes according to autobiographical-user in-
volvement. This method allows the designer/researcher to
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Figure 1: Cookie Invaders visualization view. (a) Initial view with periphery cookie bar. (b) Detail of periphery cookie bar. (c)
General cookie view. (d) Web site detail. (e) View all or current website . (f) Order cookies drop down. (g) Information card.

understand a system by real practice, to keep a record and
collect data.

Study
Due to the isolation measures to contain the spread of the
pandemic COVID-19 in Stockholm, Sweden, the research
method had to be modi�ed to avoid in-person interactions.
Therefore, this research relied on two digital resources: digi-
tal journal and online interviews.
For the research, �ve individuals were recruited through

word of mouth and were asked to participate in a three-day
experiment. The �rst two days the participant was handed
a digital journal and the executable of the l3-37 browser
prototype desktop application. On the third day, a digital
interview was conducted.
The digital journal [36] is a method that invites the user

to complete a diary that contains a series of instructions
and questions during an interval of time. The diary as well
introduces the user to the software and acts as a prompt for
questions and insights for further discussion in an interview

In the second part, the interview was divided into two,
a Think Aloud session and a de-brie�ng [16]. The aim was
to obtain the participants’ insights, notes, observations, and
questions regarding the browser prototype and talk about
the completion of the journal. During the interview, the re-
searcher occasionally prompted the participants to explore
the visualization as well as asked clari�cation questions (e.g.,
"Did you knew about this feature"). Due to the current pan-
demic situation, all interviews were done digitally via the
Zoommeeting application with the user sharing their screen.
The interview length was between 20 to 30 minutes and the
entire session was recorded.

Ideation
The Ideation stage was executed in collaboration with the
Software art team at KTH, a research group that explores
novel ways to communicate the values and social layers
of software through art and interaction design. Firstly, I
created a list of hidden software processes in the internet
browser and gathered basic knowledge of each one. Secondly,
the list was narrowed to the options with more impact to
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the user, and its possibility to prompt interesting solutions.
Thirdly, through meetings with the Software art team, and
daily use of the initial version of L3-37, I was able to promote
deeper exploration and discussions. Finally, as a result of this
exploration, two hidden processes were selected due to the
problems they framed as well as for the design possibilities.
The two selected hidden processes were the HTML Cookies
and Document Object Model (DOM).
The ideation stage began with 10 plus 10 [12] and Brain-

storming [5] methods. These methods allowed me to sketch
and explore data structures, aesthetics, and programming
tools. Each topic was thought with the relation of Informative
Art, Ampli�ed environments, and Calm’s design periphery.
As a result, the Cookie invader, DOM tree soni�cation and
Abstract page tree ideas were turned into concepts and were
developed into low �delity prototypes.

The two concepts selected were presented in a small infor-
mal workshop with the Software art team to analyze, gather
feedback, and discuss the results. The criteria of discussion
involved not only if they were relevant to the topic but as
well the aesthetics, time, and development constraints. After
the feedback session, the ampli�ed sound environment was
dropped and the remaining ideas were chosen to create a
high �delity prototype of the visualization.

Implementation
The L3-37 was implemented as a cross-platform desktop
application using Electron. Electron uses web technologies
like Chromium to build custom browsers and Node.js as back
end. In the case of L3-37, the back-end handles the collection
and storage of information and the front end uses the React
framework to handle the interaction and the presentation of
the visualization. Additionally, the JavaScript visualization
Library D3 was used for the mathematical calculation of the
visualizations.

4 DESIGN PROCESS
The initial research of the project helped to prompt ideas and
discussion. As a result of this process two software hidden
processes were selected and two ideas where turned into
concepts. This section will present and explain the results.

Selected Hidden processes
The �rst selected hidden process is the HTTP cookie, also
known as an Internet cookie. A Cookie is a small piece of data
stored in a user’s computer when the user visits a website. It
can be used to track users and share personal information
between di�erent websites. Furthermore, since the introduc-
tion of the protection of natural persons with the processing
of personal data in 2018 [23], the knowledge about third party
cookies [34] and cookies policies in the European union [30]
[8] became relevant to the public in general.

Figure 2: Cookie expiration state. (a) Session cookie, black
decorator (b) Expired cookie, green decorator (c) Not expired
cookie, red decorator

The second hidden process is the Document Object Model
(DOM), a tree structure that speci�es the structure of the
entire content of a web page. DOM tree is a common topic
in web development but an unknown topic for the public in
general. Furthermore, with the introduction of new versions
of HTML, di�erent structures and interactions with the users
have appeared. After discussions, we agreed on its aesthetics
potential as well as the possibility to reveal to the user the
backbone of a webpage.

Cookie invader design concept
This visualization focused on the use of �rst and third-party
cookies in the browser. There were two main concepts con-
sidered for design. Firstly, the visualization was designed
taking into account the Periphery principle from Calm Tech-
nology and Slow’s Technology Informative Art Visualization.
Secondly, the visualization aimed to motivate Re�ection lev-
els from Flecks et al. Re�ective Framework. Therefore, the
visualization would allow the user to have a record of the
cookies in the browser (R0) and explore di�erent relation-
ships in the content (R2). The Cookie invader aimed to reveal
to the user the cookies stored in the browser and through
a visual presentation prompt the user to re�ect about how
are the cookies being used. It was important to approach
the aesthetics with an abstract point of view to create an
engaging Informative art visualization. Therefore, the initial
approach to graphic design and aesthetics was done by hand
sketching and coding visual structures. The �rst sketch was
inspired by generative art [20] and it was the starting point to
create a visually compelling structure based on the cookies.
The second sketch was inspired by cellular automaton [1].
The third and selected approach was the Identicon, a visual
representation of a hash value. The selected representation
allowed me to assign an individual visual representation to
each cookie based on their name. As a result, the visualiza-
tion had a more appealing aesthetic and it alluded to the
8-bit video games aesthetics.
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Usually, browsers encrypt and store HTML cookies in a
local database that can only be accessed by the same appli-
cation. Therefore, the l3-37 browser had to access all the
cookies the user collected and store them in a separate local
�le, and access it later to create the cookies’ visual repre-
sentation. Each cookie had six values that could be used
in the visualization: name (string), content (string), domain
(string), path (string), and expiration date (date). The name
of the cookie works as a key identi�er, for that reason I
decided to take that string value and transform it into an
Identicon. Based on a component to generate Identicons
[https://www.npmjs.com/package/react-identicons], I cre-
ated a function that mapped the name value to a sequence
of squares in a 5x5 grid, making each name representation
unique unless another cookie shared the same string (Fig.
3a).

Furthermore, the abstract design aimed to inform the user
about the cookie’s type of party and the state of the expira-
tion date. Firstly, the function identi�ed if the cookie’s origin
is from a �rst or third party. Afterward, the function assigns
a color depending on the category: orange for �rst and gray
for third-party (Fig. 3b). Secondly, the function categorized
the expiration date into expired, still working, and session-
cookie. Next, the function assigned a visual decorator to the
Identicon (Fig. 3c) depending on the expiration date category
the cookie had. The �nal result of the entire process was
an image of the cookie that represented three key values.
Any extra information about the cookie could be obtained
through the information card (Fig. 1g).

The proposed structure for the Cookies invaders consisted
of a grid to suggest the idea of an invasion. The structure
followed the suggestion of Slow technology to create a puz-
zling visualization to prompt the users’ curiosity and provide
support for Baumer’s [2] dimension of breakdown.

The �nal result of the visualization included the following
views in the customized web browser:

• Periphery cookie bar : A non-invasive vertical bar next
to the web content which displays the �rst-party cook-
ies of the domain the user is visiting (Fig. 1.a and b).

• Information card: Information about a speci�c cookie
that is only displayed if the user hovers a cookie (Fig.
1.g).

• Cookies general View: A visualization that displays all
the domains that have contributed a cookie, and the
correspondent cookies from the domain (Fig. 1.c).

• View all cookies drop down: The cookies general view
can display the current web site the user is browsing
or show all the cookies the user has collected from
di�erent web sites by selecting the option in a drop-
down menu (Fig. 1.e).

Figure 3: Steps to create a visual representation from a raw
HTML cookie (a) Identicon form based on tuid name. (b) As-
sign a color according to the type of cookie. (c) Add decorator
according on the expiration date state

• Arrange cookies drop down: The cookies in the general
view has a drop-down menu which the user can use to
arrange the visualization by cookie type, cookie name,
domain or expiration date (Fig. 1.f).

• Legend: Meaning the information of the visualization
and short explanation about what are �rst and third-
party cookies (Fig. 1.a).

• Cookie invader : Each cookie has a unique visual repre-
sentation based on its name.

Abstract page tree design concept
Based on Redström et al. [13] Informative Art strategy, the
Abstract page tree visualization focused more on an abstract
representation of the DOM tree. This visualization superim-
posed to the actual content of a web page in a translucent
way to show the DOM tree to the user from another point
of view. Furthermore, this concept aimed to prompt Flecks
et al. [27] R0 and R2 levels of the re�ection framework.
Therefore, this visualization aimed to invite the user to

spend time exploring the visual structure of a web-page by
using an abstract representation. It was key that the learning
curve was slow and the user could take time to understand
the meaning of the visual structures implemented in each
website visited.

Instead of borrowing entirely the aesthetics from an art
style as Redström et al. [13] did, I dedicated some time to
explore, sketch, and design a custom aesthetic for the visual-
ization. Based on Lupis et al. [18] visual journal book, I found
it necessary to learn and borrow from Abstract art playful-
ness with shapes and colors like the artworks of the artists
Kandinsky or Malevich. The purpose of the custom aesthetic
was to create an interesting visual composition that was
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Figure 4: DOM tree visualization elements. (a) DOM tree visual structure. (b) Detail of the tag elements. (c) Lateral bar with
legend. (d) Scroll vars to modify size or opacity of the visualization. (d) Toggles to modify theme and distribution. (f) All the
visual categories that represent a node

pleasing to the eye and whose layout properly represented
the data structure of the DOM tree.

To achieve this visual presentation, the l3-37 browser had
to follow a series of steps: get the HTML content of the cur-
rent URL, parse the HTML and return all the child-nodes,
map the child-nodes to create the visual structure, and iden-
tify the functionality of each node and assign it a category
to render a speci�c shape. The �rst two steps returned the
raw tree structure data (Fig. 5a & b). Thus, it was necessary
to create the custom distribution for each of the elements,
the current distribution used is based on Ben Shneidermans
Tree map distribution [29], each element was located in a
horizontal space according to its associated value (Fig. 5d).
However, the vertical position has been modi�ed to create an
abstract approach. Before rendering the structure, each ele-
ment of the DOM tree was classi�ed in a category according
to its functionality (Fig. 5e). The categories were previously
discussed and created as follows: structure, script & links,
metadata, style, presentation, title, text, media, input, for-
mulary, actions, and unknown. Unknown elements could be

customized tags the developer created or tags that were not
classi�ed. Finally, each category was assigned to a speci�c
shape and rendered in the visualization (Fig. 5f).
The �nal result of the Abstract page tree visualization

included the following views in the customized web browser:

• DOM TREE Abstract visualization: A custom visualiza-
tion of the DOM Tree with an abstract approach (Fig.
4a).

• Side Menu: Lateral sidebar with a list of sliders and
toggle elements to modify the size, opacity, color and
distribution of the visualization (Fig. 4c).

• Legend: Information about the abstract visualization
and the relation of each shape with the tag represented
from the DOM Tree (Fig. 4c).

Implementation
The goal was to create a custom browser that the user could
use for normal tasks. Additionally, the browser integrated
custom visualizations to enhance the real-time experience
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Figure 5: Steps to create the Abstract page tree representa-
tion. (a) Input a URL. (b) Get the HTML content. (c) Parse
the HTML and return all the child-nodes. (d) Calculate the
structure based. (e) Assign category to each node. (f) Render
visualization

and show the user the hidden software interaction. The desk-
top application was developed with the Electron framework,
which allowed the app to collect and store the users’ data
in real-time. However, it required to program several fea-
tures to collect and store information. The result was a fully
functional high �delity prototype of the visualization that
the user could install in their computer and use. The l3-37
desktop application can be found here 1

Digital diary
To make a more appealing and friendly approach to the user,
I designed a 9-page booklet. The booklet contained iconog-
raphy and screenshots of the l3-37 browser to introduce the
visualization and allow the user to explore data through the
completion of the instructions in the diary. The user was
asked to register the entire process with screenshots of the
application in di�erent points of the instructions and send
the screenshots to the researcher once the experiment was
complete. Additionally, the booklet had a small de�nition of
the two hidden software processes to inform the user and to

1https://github.com/imjhonny/L3-37-Browser/releases/tag/v0.13.1

ignite their curiosity towards the topic. The digital diary can
be found here 2.

Participants
Five participants (1F, 4M) with no previous knowledge of
the study were recruited among colleagues, friends and rela-
tives to test with an empirical assessment of l3-37’s ability
to reveal hidden processes. Participants were contacted and
asked directly if they wanted to participate in the study. Be-
fore the study the participants were asked to �ll a consent
form, they were asked demographic information, and they
were informed of the procedure and goals of the study. The
participants’ age ranged from 22 to 36 years old and none of
them had previous knowledge about the goals of the study.
Regarding the knowledge of the participants in the �eld of
data visualization, one participant reported basic experience,
one reported to be an expert and three participants knew
data visualization. One participant had a background in Fine
Arts, while the remaining were related to the �eld of Com-
puter Science, Human-computer interaction, or Computer
Engineering. At the end of the study the users were given
as a gift a group of curated web resources to explore other
related projects.

The study produced a rich data set, that included the ques-
tionnaire, screenshots of the user, video recordings of the
online interview session, and video/audio recording of the
screen of the user. During the Think Aloud session and inter-
view, I noted the time of key information to revisit it later for
analysis. As a result, I was able to gain a better understanding
of the users’ insights regarding the visualization and their
re�ection of the data with visual exploration. The insights
of the participants per visualization will be presented in the
following subsection.

5 PARTICIPANTS INSIGHTS
Cookie invader
The participants were able to view the cookies of a web site
as soon as the started using the browser in the Periphery
cookie bar and the Cookies general View. By the end of the
experiment, the users had collected a signi�cant amount of
cookies just by visiting a few websites. According to Fleck et
al. [9], this record of events can be considered a basic level
of re�ection R0. Participants with and without web develop-
ment background were surprised by the number of cookies
collected by visiting just a few websites: "As a programmer, I
knew there were cookies, but is more than I expected".

While exploring the Cookies general View, the participants
were interested in the cookies information like it’s type and
expiration date. These values lead the user to think about the

2https://github.com/imjhonny/L3-37-Browser/blob/master/docs/l3-
37Instructions.pdf
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relation of a website with the number of third-party cookies
and the expiration date. These events led the users to a high
level of re�ection that involved exploring relationships be-
tween di�erent elements of the visualization (R2) and create
re�ective questions (R1). For example, one user noticed a
cookie with an expiration date of 798 years and questioned
the need for the website to use that cookie: "At the beginning,
I was impressed by �nding a cookie with 22 years expiration,
but then I found one with 798 years. It feels like selling the soul
to the website. Why so much time for expiration?".

It could also be noted that after exploring the visualization
some users expressed a desire to read more carefully from
now on cookies consent in websites or delete more often the
cookies in their browsers. The users expressed the intention
to change a behavior (R3): "I often delete form auto-complete
and history inmy browser, but now I ammore aware of cookies",
"I often get tired of the consent cookies banner in a website
and accept it, but now I am more conscious of not accepting all
cookies".
Regarding the abstract look of the visualization, partic-

ipants were able to identify and relate the information of
the cookie with its visual representation. Most of the partici-
pants were able to relate color with the type of cookie, and
cookie decorator with an expiration date. However, only one
participant was able to relate the shape of the cookie with
its name. Other participants found it too abstract and noted
that it would require more time to make the relation:
"I think it is hard to make that relation. But I think that if

I was very curious about it, I would have made the relation
between name and the shape by ordering by the name".
"It was interesting to organize the visualization by name

and discover how the shape of the invader changes according
to the name".
Most of the participants found the title and shape of the

invaders prompted the user to explore and re�ect on the
aesthetics chosen: "The idea that your computer is being
invaded is interesting".

Many participants expressed themselves positively about
the Periphery cookie bar non-invasive way to present the
cookies as the user browses a website. However, they noted
that the visualization should standout more either by chang-
ing the color or adding a shadow to the lateral bar: "I liked
the lateral bar from the beginning because it is subtle. Maybe
it could be a bit more visible because sometimes it gets lost in
the web content".

I was able to observe during the interaction how the par-
ticipants were able to create relationships between the visual
elements and self-re�ection. For example, the visual explo-
ration between the shapes of the websites in the general
view prompted the users to think about the type of website
it was and the reason for using that amount of cookies.

Most of the participants suggested that the visualization
would improve if two modi�cations were incorporated. The
�rst modi�cation was to group third-party cookies by the
origin and to incorporate a timestamp to reveal the date you
acquired the cookie. The second suggestion was to develop
an extra feature to delete speci�c cookies from the browser
with the visualization.

Abstract page tree
Participants were able to immediately explore the abstract
DOM tree visualization when they started using the browser.
The visualization provided a representation that could be
revisited by the user as they scrolled horizontally, and pro-
vided a di�erent point of view of the data. As a result, the
participant could have an R0 and R2 level of re�ection. Addi-
tionally, participants with and without a background in web
development were able to relate the visualization with the
web page they visited.

"It was natural to see and explore, you could relate the dif-
ferent structures in the timeline."
"I do not have a web development background, so I found

interesting to explore the structure."
The users expressed that the visualization felt limited re-

garding how deep they could explore the information. The
participants scroll horizontally to see the visualization but
they felt there was no possibility to relate the content of the
web page with the patterns that appeared on the web page.

Furthermore, the participants liked the visualization and
abstract shapes gut they felt it did not present any further
information to re�ect on. The users with a web development
background preferred to use another tool to explore the
HTML structure that immediately shows the relationship.
Additionally, the visualization was interesting for the user
for a short time, but the lack of tools to explore made it
uninteresting: "This creates an art piece, but it is not something
I am interested in. I would rather see the HTML."

6 DISCUSSION
This study explored the a�ordances and limitations of an
informative art visualization to reveal two software hidden
processes in the browser: HTTP cookie and the DOM tree.
Two visualizations were developed into high �delity pro-
totypes and evaluated through an iterative design process.
Moreover, the qualitative evaluation focused on interactions,
aesthetic concerns, and users’ capability to re�ect. The fol-
lowing section presents the �ndings and limitations.

On the Slow and Calm design methods
Slow design technology proved to be helpful to build a visu-
alization where time was a central and explicit notion. By
implementing an abstract approach for the visual representa-
tion, participants had to spend time for re�ection. However,
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informative art could become too abstract for some partici-
pants.

For example, the Cookie invader visualization had a clear
theme that hinted to the user about the nature of the informa-
tion, and it allowed the user to make di�erent relationships
between the cookies and the websites visited. However, most
of the participants were discouraged to �nd the meaning of
the visual representation after a certain amount of time. I
envision that implementing additional views and animations
as suggested by Holmquist et al. [14] would encourage the
user to explore and encourage other levels of re�ection. Sev-
eral participants expressed their interest in the possibility to
group cookies by the origin, view cookies by the date it was
created, or group them by origin.

The other suggestion by the participants was to add more
actions to both of the visualizations. Firstly, in Cookie in-
vaders participants proposed to delete or put under surveil-
lance a speci�c cookie. Secondly, in the Abstract page tree
visualization, they recommended an extra feature to explore
the content of the web page in the abstract tree by clicking
the abstract links to navigate. Both suggestions hint that to
improve user engagement in an informative art visualization
is necessary to incorporate more contexts and actions instead
of a static image as in the Abstract page tree. Consequently,
the suggested actions would prompt the user to focus on
insights related to "transformation" instead of "breakdown"
or "discovery" [2].
On the other hand, I found that the Cookie invaders’

periphery lateral bar could work in a "puzzling" way and
prompt the user to an R0 level of re�ection. However, the pe-
riphery bar could not go beyond a "puzzling" situation. Some
participants suggested that the periphery bar could stand
out more and include more visual information regarding
the cookies to provide opportunities for re�ection. I suggest
reinforcing the R0 level of re�ection by modifying the ani-
mations. The animations could behave as suggested in Calm
technology a "blinker function" that catches the attention of
the user, the animation will reinforce the peripheral atten-
tion and while keeping its status of secondary information
for the user tasks.

Designs like Slow and Calm technology where time is em-
ployed to amplify the presence of time might lose the users’
interest due to the amount of e�ort demanded to the user.
However, user attention and sense of inquiry can be rein-
forced by implementing additional views and animations.

Abstraction aesthetics considerations
The aesthetics exploration revealed the importance of design-
ing a visual language that re�ects the data structure and pro-
vides a proper layout. As a result, an abstract representation
can have a huge impact on the user if the main story, legend,
and composition is well structured. For example, the Space

invaders visualization had three data values to transform and
build an Identicon visual representation. However, the users
had di�culties to discover its meaning due to the variety
of shapes and forms presented at the same time. Therefore,
using another value that repeats more times like the origin
of the cookie could help to create an easier understanding
and relations. A suggestion from one of the participants was
to group the cookies with a common domain name and rep-
resent this by modifying the size of the cookie. In the case
of the abstract tree, the abstract representation of a node
only used the category to create a representation. However,
I noted that it would be more attractive to the user if it had
used another value to modify the visual representation and
a title that hinted the intention to explore the DOM tree.
The informative art approach can bene�t from a clear

aesthetic intend if it has a clear story, legend, and intention.
As a result, a well-developed aesthetic can prompt the user
as a re�ective question.

On the levels of reflection
The level of re�ection framework by Fleck et al. [9] showed to
be helpful to evaluate the artifacts and gain a deeper knowl-
edge regarding how the users re�ected with the visualiza-
tions. Due to L3-37 capability to present interesting infor-
mation in di�erent comparison pages, the participants were
able to present R0, R1, and R2 types of re�ections during
the Think Aloud sessions. One participant commented that
the re�ective questions and explanations in the digital diary
prompted the participant to revisit di�erent views and �nd
an explanation. It could be noted that incorporating a view
that contains amore pedagogical approachwith explanations
and key questions about the visualization can help to prompt
R1 and R3 levels of re�ection within the visualization.

Most of the participants presented an R3 level of re�ection
in the Cookie invader visualization that could lead to a short
term change of behavior like cleaning the cookies more often
or not accepting all the cookies on a website. This type of
re�ection would not have been obtained without motivating
the key questions and explanations of the subject. During
the evaluation, I could not observe any R4 level of re�ection
relating a critical re�ection that leads to social and ethical
issues. It seems unlikely to reach this level of re�ection if
the R1 level of re�ection is not motivated and the browser
is used for a longer time. On the other hand, none of the
participants could reach either an R3 or R4 level of re�ection
with the Abstract page tree visualization due to the lack of
R1 re�ection that prompted re�ective questions.

The level of re�ection framework proved to be helpful for
designers to plan in advance the di�erent levels of re�ection
a user can have and evaluate the levels of re�ection.
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Reflections on the Research Methodology
The research method using prototypes and Think Aloud
showed useful insights and results. The digital diary together
with the Think Aloud and interviews was able to prompt
questions and insights from the user. Furthermore, the two
prototypes were able to embody the background theories
proposed. However, there are three main concerns regarding
the study with the participants that could be improved to
obtain a better understanding of the users’ re�ection. The
�rst concern is the number and pro�le of participants, a
broader number and variety of pro�les would have lead to
a better understanding of the user re�ection with abstract
informative art. The second concern is the amount of time
employed for the evaluation, a long-term evaluation could
inform about the user engagement to understand and re�ect
about abstract representations. The third and last concern is
the limitation of the l3-37 browser, a browser plugin might
have allowed the participants to use the visualization for a
longer time and incorporate it in their daily use without fear
of using a non-certi�ed browser.

7 CONCLUSION
This study intended to explore the a�ordances and limita-
tions of an informative art visualization to reveal hidden
processes. Two topics were selected through exploratory
workshops: HTTP Cookies and the DOM tree. Furthermore,
the concepts were developed into high �delity prototypes
with an iterative design process. Overall, the participants
expressed a positive reaction for the visualization and were
able to show insights. However, an informative art approach
for a visualization could become too abstract for some partic-
ipants. To improve this, it is suggested to incorporate more
complex views, allow the user to modify the data by direct
actions, and create a clear relationship between the aesthet-
ics and the data. Finally, informative art in a web browser
proved to be able to support di�erent levels of re�ection and
reveal valuable insights.
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